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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is arranged in the electrical circuit which carries out high-speed 
operation, concerning a thin film capacitor, and relates to the large capacity and the thin film capacitor 
of a low inductance with which the object for the bypass of a high frequency noise or fluctuation 
prevention of supply voltage is presented. 
[0002] 

[Description of the Prior Art] In recent years, the demand corresponding to a miniaturization, 
thin-shape-izing, and a RF etc. is becoming strong with the miniaturization of electronic equipment, 
and advanced features also at the electronic parts installed in electronic equipment. 
[0003] The clock frequency of 100MHz to hundreds of MHz and the bus between chips also has [ the 
clock frequency in a CPU chip ] 30 to 75MHz, and improvement in the speed remarkable also in 
personal computer level in the high-speed digital circuit of a computer with the need of processing a lot 
of information at a high speed especially. 

[0004] Moreover, in order for the degree of integration of LSI to increase and to stop power 
consumption along with increase of the element number in a chip, supply voltage is in the inclination of 
a fall. It is becoming indispensable with improvement in the speed of these IC circuit, densification, and 
low-battery-izing that also combine passive components, such as a capacitor, with small large 
capacity-ization, and the property which was excellent to the RF or the high-speed pulse is shown. 
[0005] In order to make a capacitor into small high capacity, it is most effective to make thin the 
dielectric pinched by the electrode of a pair and to thin-film-ize it. Thin film-ization conforms also to 
the inclination of a fall of the electrical potential difference mentioned above. 
[0006] On the other hand, many problems in accordance with the high-speed operation of IC circuit 
are problems much more more serious than the miniaturization of each component. Among these, it is 
the function reduced by supplying the energy accumulated in the capacitor in the momentary fall of the 
supply voltage produced when, especially as for becoming important, the coincidence change of a 
logical circuit occurs in coincidence in the removal function of the RF noise which is the role of a 
capacitor in an instant. It is the so-called decoupling capacitor. 

[0007] The engine performance required of a decoupling capacitor is to the current variation of the 
load section quicker than a clock frequency to be able to supply [ how ] a current quickly. Therefore, it 
must function from 100MHz certainly as a capacitor to the frequency domain in 1GHz. 
[0008] However, an actual capacitor element has the resistance component and inductance component 
other than an electrostatic-capacity component. The impedance of a capacity component decreases 
with the increment in a frequency, and an inductance component increases with the increment in a 
frequency. For this reason, the transient current which the inductance which a component has should 
supply is restricted, and the instant fall of the supply voltage of a logic time road side or a new voltage 



lof7 



5/7/04 9:42 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejye 



spike is generated as clock frequency becomes high. As a result, an error logic time on the street is 
caused. 

[0009] In order that especially the latest LSI may suppress the power consumption increase by increase 
of the total element number, supply voltage is falling and the permission range of fluctuation of supply 
voltage is also small. Therefore, in order to hold down the electrical-potential-difFerence range of 
fluctuation at the time of high-speed operation to min, it is very important to decrease the inductance 
which the decoupling capacitor component itself has. 

[0010] There are three methods of decreasing an inductance. They are the approach the 1st makes 
current path length min, the approach of the 2nd making a current path loop structure, and making 
loop disconnection area min, and the approach of the 3rd distributing a current path to n pieces, and 
setting an effectual inductance to 1/n. 

[001 1] The 1st approach can be attained by thin-film-izing a capacitor element that what is necessary is 
to make the capacity per unit area increase and just to attain a miniaturization. What thin-film-ized 
dielectric thickness to 1 micrometer or less is indicated by JP,60-94716,A in order to obtain a capacitor 
with a good high frequency property with large capacity. 

[0012] Since the 2nd approach is effectiveness which carries out offset reduction by the magnetic field 
in which approaching another current path forms the magnetic field which one current path forms, it 
should just be made not to carry out the sense of the current which flows in the electrode plate or 
electrode layer of the pair which forms a capacitor in the same direction as much as possible. 
[0013] By the 3rd approach, low inductance-ization can be attained by carrying out parallel connection 
of the divided capacitor. As such a capacitor, what used the thin film dielectric layer for JP,4-21 1 191, A 
is indicated. 
[0014] 

[Problem(s) to be Solved by the Invention] However, when the decoupling capacitor which can be 
mounted in a desired location was considered, beyond about 0.5mmx0.5mm is required as a dimension 
which can be handled, and there was a limitation in reducing an inductance only by the 1st thin film and 
the approach of a miniaturization. 

[0015] Moreover, it is necessary to carry out the terminal electrode of positive/negative in the same 
end face and the rectangular direction, and becomes disadvantageous on mounting by the 2nd 
approach. 

[0016] Although it becomes an advantageous means in substrate built-in by the approach of the 3rd 
division parallel connection, there is no degree of freedom of mounting. Moreover, although the usual 
stacked capacitor is also parallel connection, since the sense of a current is the same direction, it is 
superimposed on the magnetic field which each electrode current forms. That is, since a mutual 
inductance became large, an effectual total inductance was not fully able to be reduced. Therefore, 
although the 2nd means needed to be adopted collectively, there was a problem on mounting according 
to the problem of a terminal electrode as mentioned above. 

[0017] Mounting aims this invention at offering the thin film capacitor which has easy low inductance 

structure with easy lamination. 

[0018] 

[Means for Solving the Problem] While the thin film capacitor of this invention juxtaposes the 1st 
capacitative element by which the 1st electrode layer was formed in the top face of a dielectric layer, 
and it formed the 2nd electrode layer in the inferior surface of tongue, and the 2nd capacitative element 
which formed the 2nd electrode layer in the top face of a dielectric layer, and formed the 1st electrode 
layer in the inferior surface of tongue It comes to connect the 1st electrode layers and the 2nd 
electrode layers of said 1st capacitative element and 2nd capacitative element through a connection 
terminal electrode, respectively. 

[0019] Moreover, the 1st capacitative element which comes to carry out the laminating of two or more 
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electrode layers and two or more dielectric layers by turns and by which said electrode layer was used 
by turns as the 1st electrode layer or the 2nd electrode layer from the bottom, While juxtaposing the 
2nd capacitative element which comes to carry out the laminating of two or more electrode layers and 
two or more dielectric layers by turns and by which said electrode layer was used by turns as the 2nd 
electrode layer or the 1st electrode layer from the bottom It comes to connect the 1st electrode layers 
and the 2nd electrode layers of said 1st capacitative element and 2nd capacitative element through a 
connection terminal electrode, respectively. 
[0020] 

[Function] In the thin film capacitor of this invention, since predetermined spacing is kept, the 
capacitative element of a pair is juxtaposed, the 1st electrode layer (for example, positive electrode 
layer) and the 2nd electrode layer (for example, negative electrode layer) will be formed in the same 
flat surface, the capacitative element of a pair can be made to be able to approach and spacing of these 
positive electrode layers and a negative electrode layer can be formed in it, a current path becomes 
short and can make an inductance small. 

[0021] Moreover, since the direction of the flowing current turns into hard flow, an inductance to 
generate denies, there is and it can make small each positive electrode layer and negative electrode 
layer of a capacitative element. 

[0022] Furthermore, since each electrode layer is connectable in the connection terminal electrode 
currently formed in the opposed face, lamination becomes easy. Since the external terminal electrode 
used for a contact with the exterior can be formed on the electrode layer of the maximum upper layer, 
it becomes easy to mount it. 
[0023] 

[Embodiment of the Invention] While keeping predetermined spacing and carrying out opposite 
arrangement, the thin film capacitor of the veneer mold of this invention the capacitative element of the 
pair which comes to form a positive electrode layer and a negative electrode layer in the vertical side of 
a dielectric layer It considers as the polar electrode layer from which the electrode layer formed in the 
location where the capacitative element of a pair counters differs. The connection terminal electrode 
which furthermore projects towards the capacitative element which counters the positive electrode 
layer and negative electrode layer of a capacitative element of a pair, respectively is formed, and it 
comes to connect the connection terminal electrodes of the electrode layer with the same polarity in the 
capacitative element of a pair. 

[0024] Moreover, while keeping predetermined spacing and carrying out opposite arrangement, the 
thin film capacitor of the laminating mold of this invention the capacitative element of the pair which 
comes to carry out the laminating of two or more electrode layers and two or more dielectric layers by 
turns It considers as the polar electrode layer from which the electrode layer formed in the location 
where an electrode layer is used as a positive electrode layer or a negative electrode layer by turns in 
the direction of a laminating, and the capacitative element of a pair counters differs. The connection 
terminal electrode which furthermore projects towards the capacitative element which counters the 
positive electrode layer and negative electrode layer of a capacitative element of a pair, respectively is 
formed, and it comes to connect the connection terminal electrodes of the electrode layer with the 
same polarity in the capacitative element of a pair. 

[0025] The capacitative elements A and B of a pair which form the positive electrode layer 2 (the 1st 
electrode layer) and the negative electrode layer 3 (the 2nd electrode layer) in the vertical side of a 
dielectric layer 1, and become counter, and the veneer mold type thin film capacitor of this invention is 
juxtaposed, as shown in drawing 1 thru/or drawing 3 . Let the electrode layer formed in the location 
where the capacitative elements A and B of a pair counter be a different polar electrode layer. 
[0026] Capacitative elements A and B are formed in the top face of a substrate 4. 
[0027] Namely, the positive electrode layer 2 is formed in the inferior surface of tongue of a dielectric 
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layer 1, the negative electrode layer 3 is formed in the top face, the negative electrode layer 3 is formed 
in the inferior surface of tongue of a dielectric layer 1, and, as for the capacitative element A, the 
positive electrode layer 2 is formed in the top face, as for the capacitative element B. And capacitative 
elements A and B keep predetermined spacing, and are juxtaposed, the negative electrode layer 3 of a 
capacitative element B will be formed in the same flat surface as the positive electrode layer 2 of a 
capacitative element A, and the positive electrode layer 2 of a capacitative element B will be formed in 
the same flat surface as the negative electrode layer 3 of a capacitative element A. 
[0028] As the positive electrode layer 2 and the negative electrode layer 3 are shown in drawing 4 , it 
considers as the shape of a rectangle and the dielectric layer 1 is made into the shape of a rectangle of 
magnitude which covers the positive electrode layer 2 or the negative electrode layer 3 formed in the 
inferior surface of tongue of this dielectric layer 1. Dielectric layer 1 comrades keep predetermined 
spacing, and are estranged. Let the positive electrode layer 2 or the negative electrode layer 3 formed 
in the top face of a dielectric layer 1 be the same configuration as the positive electrode layer 2 or the 
negative electrode layer 3 formed in the inferior surface of tongue of a dielectric layer 1, and the same 
dimension. 

[0029] Thickness of a dielectric layer 1 is set to 0.1-1 micrometer, and magnitude is made into 1.2mm 
long and 1.2mm wide magnitude, and thickness of the electrode layers 2 and 3 is set to 0. 1-1 
micrometer, and let magnitude be 1.0mm long and 0.3mm wide magnitude. 
[0030] And the connection terminal electrode 5 which projects towards the capacitative elements A 
and B which counter, respectively is formed in the positive electrode layer 2 and the negative electrode 
layer 3 of capacitative elements A and B of a pair, and connection terminal electrode 5 comrades of the 
electrode layers 2 and 3 with the same polarity are connected to them. 
[003 1] The positive electrode connection 7 to which positive electrode layer 2 comrades were 
connected, and the negative electrode connection 8 to which negative electrode layer 3 comrades were 
connected keep predetermined spacing, are estranged, and, thereby, are insulated. It may be filled up 
with the same ingredient as a dielectric layer 1 between this positive electrode connection 7 and the 
negative electrode connection 8. In this case, the dielectric layer 1 of the capacitative elements A and B 
of a pair is connected, and if it sees superficially, it will consider as H configuration. It is between the 
positive electrode layer 2 and the negative electrode layer 3, and the part which corresponds between 
the positive electrode connection 7 and the negative electrode connection 8 may also be filled up with 
the same ingredient as a dielectric layer 1 . 

[0032] Although the thin film capacitor of this invention is not illustrated, an external electrode 
terminal is connected to the positive electrode layer 2 and the negative electrode layer 3 which were 
formed in the outermost front face at capacitative elements A and B by the pewter etc., and, thereby, 
capacity is taken out. 

[0033] As a substrate 4 used by this invention^ is an alumina^sapphire. a MgO single crystal and 
SrTi03 A single crystal, titanium covering silicon or copper (Cu), nickel (nickel), titanium (Ti), tin 
~(Sn), a stainless steel (SUS) thin film, or sheet metal is desirable. Reactivity with a thin film is small 
especially, it is cheap, and reinforcement is large, and an alumina and sapphire are desirable from the 
point of the crystallinity of a dielectric film or an electrode layer, and copper (Cu) sheet metal or a 
copper (Cu) thin film is desirable in respect of the reduction in resistance in a RF field. 
[0034] moreover, the electrode layer of this invention - platinum (Pt), gold (Au), palladium (Pd), a 
copper (Cu) thin film, etc. - it is - among these - also coming out - platinum (Pt), a golden (Au) thin 
film, and the copper (Cu) thin film of low resistance are the optimal. Since reactivity with a dielectric is 
small and cannot oxidize easily, Pt and Au are because a low dielectric constant phase is hard to be 
formed in an interface with a dielectric. 

[0035] Furthermore, be [ what is necessary / just although a dielectric layer has a high dielectric 
constant in a RF field ], the thickness has desirable 1 micrometer or less. Moreover, a dielectric layer is 
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a dielectric thin film which consists of a perovskite mold multiple oxide crystal which contains Pb, Mg, 
and Nb as a metallic element, and its 1000 or more dielectric thin films are [ 300MHz / of test 
frequencies / (room temperature) specific inductive capacity ] desirable. In addition, the perovskite 
mold multiple oxide crystal containing Ba(s) and Ti other than the dielectric thin film which consists of 
a perovskite mold multiple oxide crystal which contains Pb, Mg, and Nb in this invention, PZT, PLZT, 
SrTi03, and Ta2 05 grade are sufficient, and it is not limited especially. Such a dielectric layer is 
produced by well-known approaches, such as PVD, a CVD method, and a sol gel process. 
[0036] In the thin film capacitor constituted as mentioned above, since the capacitative elements A and 
B of a pair counter and are formed, the positive electrode layer 2 and the negative electrode layer 3 
will keep predetermined spacing, and will be formed in the same flat surface, the capacitative elements 
A and B of a pair can be made to be able to approach and spacing of these positive electrode layers 2 
and the negative electrode layer 3 can be formed in them, a current path becomes short and can make 
an inductance small. 

[0037] Moreover, since the direction of the current which flows each positive electrode layer 2 and 
negative electrode layer 3 in a capacitative element turns into hard flow, in each positive electrode 
layer 2 and the negative electrode layer 3, it denies, and an inductance can suit and can make small the 
inductance to generate. 

[0038] Moreover, since the external terminal electrode used for a contact with the exterior can be 
formed on the electrode layer 2 of the maximum upper layer, and 3, it becomes easy to mount it. 
[0039] Drawing 5 explains the laminating type thin film capacitor of this invention. According to this 
drawing 5 , the laminating of a dielectric layer and the electrode layer is further carried out to the thin 
film capacitor of the veneer mold type shown in drawing 1 . 

[0040] Namely, the capacitative elements A and B of the pair which comes to carry out the laminating 
of the electrode layers 2 and 3 and the dielectric layer 1 by turns are juxtaposed, and let the electrode 
layers 2 and 3 by turns be the positive electrode layer 2 and the negative electrode layer 3 in the 
direction of a laminating in these capacitative elements A and B. The electrode layers 2 and 3 formed in 
the location where the capacitative elements A and B of a pair counter are used as different polar 
electrode layers 2 and 3, and the connection terminal electrode 5 which projects towards the 
capacitative elements A and B which counter, respectively is formed in the positive electrode layer 2 
and the negative electrode layer 3 of capacitative elements A and B of a pair. Connection terminal 
electrode 5 comrades of the electrode layers 2 and 3 with the same polarity are connected electrically. 
[0041] Generally, as mentioned above, although the thin film capacitor of this invention is formed in a 
substrate front face and used, it can also be built in and used into a substrate, the through hole where 
the external electrode terminal was formed for example, in the substrate when built in a substrate — it 
considers as a conductor and, thereby, capacity is taken out. 

[0042] Moreover, although the example which made the configuration of the electrode layers 2 and 3 
the shape of a rectangle was explained, you may be what kind of configurations, such as the shape of a 
square, and a circle configuration. 

[0043] In addition, two or more thin film capacitors of this invention shown above may be made to 
connect, and may be used. 

[0044] In such a case, a current path is distributed to n pieces and an effectual inductance becomes 1/n 

more time. Such a thin film capacitor may be built in a substrate. 

[0045] 

[Example] 

All formation of an example 1 electrode layer and a dielectric layer used the RF magnetron sputtering 
method. Ar gas was introduced in the process chamber as gas for spatters, and the pressure was 
maintained to 6.7Pa with evacuation. 

[0046] In a process chamber, a substrate electrode holder and three target electrode holders are 
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installed, and the spatter from three kinds of target ingredients is possible. The substrate electrode 
holder was moved to the target location of the ingredient kind which forms membranes at the time of a 
spatter, and the distance between substrate-targets was fixed to 60mm. 
[0047] Between the substrate electrode holder and the target, the seal of approval of the 
high-frequency voltage of 13.56MHz was carried out by the external RF generator, by the magnetron 
field formed with the permanent magnet installed in the target tooth back, the plasma of high density 
was made to generate near the target, and the spatter on the front face of a target was performed. 
[0048] The seal of approval of high-frequency voltage was possible independently of three targets, and 
in this example, the seal of approval of it was carried out only to the target of the maximum contiguity 
in a substrate, and it generated the plasma. The substrate electrode holder has the heating device at a 
heater, and the substrate temperature under spatter membrane formation controlled it to become fixed. 
[0049] Moreover, the metal mask with a thickness of 0.05mm is installed in the target side of the 
substrate installed in the substrate electrode holder three kinds, and it considered as the structure which 
a required mask can set to a substrate membrane formation side according to a membrane formation 
pattern. 

[0050] On an alumina sintered compact substrate with a thickness of 0.25mm, with the 1st mask 
pattern first, by the spatter of a platinum target The electrode layer of the pair which has a connection 
terminal electrode as shown in drawing 4 (a) is formed. Then, it is Pb(Mgl / 3 Nb 2/3) 03 to a target. 
Using the sintered compact, the 2nd mask pattern was set and the dielectric layer of the pair which has 
a connection terminal electrode as shown in drawing 4 (b) on condition that the substrate temperature 
of 535 degrees C and high-frequency power 200W was formed. Next, the 3rd mask pattern was set 
and the electrode layer of a pair as shown in drawing 4 (c) by the spatter of a platinum target was 
formed. The area of the appearance section of an electrode layer is 2 0.6mm. It carried out. 
[005 1] As a result of measuring a 1 8GHz impedance characteristic using an impedance analyzer 
(HP4291made from Hewlett Packard A) from 1MHz of the produced laminating mold thin film 
capacitor, the capacity component acquired the value of 12.5nF(s) and inductance component 150pH. 
Moreover, after the above-mentioned measurement, when SEM observation of the cross section of a 
thin film capacitor was carried out, each dielectric layer thickness was 0.3 micrometers. 
[0052] In addition, when conditions, such as area of the electrode layer except considering as the 
structure of the conventional common thin film capacitor as shown in drawing 6 as an example of a 
comparison, were produced like the above and the capacity component and the inductance component 
were measured, the capacity component acquired the value of 12.6nF(s) and inductance component 
380pH In addition, in drawing 6 , the conventional thin film capacitor carries out the laminating of the 
positive electrode layer 21, a dielectric layer 22, and the negative electrode layer 23 one by one to the 
top face of a substrate 20, and is constituted, and the capacity fetch section 24 is formed in the 
opposite side at the positive electrode layer 21 and the negative electrode layer 23. 
[0053] When the laminating thin film capacitor of ten layers of dielectrics was produced completely 
like example 2 example 1 and the same approach as an example 1 estimated, the capacity component 
acquired the value of 126.1nF(s) and inductance component 140pH. Moreover, after the 
above-mentioned measurement, when the laminating mold thin film capacitor carried out cross-section 
SEM observation, each dielectric layer thickness was 0.3 micrometers. 

[0054] A three examples plate, electrode material, the electrode formation approach, the configuration, 
and the dimension formed only the dielectric film with the sol gel process completely like the example 
1 . The production procedure of the film by the sol gel process was carried out as follows. 
[0055] Weighing capacity of an acetic acid Mg and the Nb ethoxide was carried out by the mole ratio 
of 1 :2, reflux actuation (it is 24 hours at 124 degrees C) was performed in the 2-methoxyethanol, and 
the MgNb compound alkoxide solution (Mg=4.95mmol, Nbl0.05mmol, 2-methoxyethanol 150mmol) 
was compounded. Next, the 2-methoxyethanol of lead acetate (anhydride) 15mmol and 150mmol(s) 
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was mixed, and Pb precursor solution was compounded by distillation actuation at 120 degrees C. 
[0056] A MgNb precursor solution and Pb precursor solution are mixed so that it may be set to 
mole-ratio Pb:(Mg+Nb) =1:1, and it agitates enough at a room temperature, and is Pb(Mgl / 3 Nb 2/3) 
03. The precursor (PMN) solution was compounded. 

[0057] The concentration of this solution was diluted with the 2-methoxyethanol about 3 times, and it 
considered as the spreading solution. Next, on the electrode layer, said spreading solution was applied 
by the spin coater, after making it dry, it heat-treated for 1 minute at 300 degrees C, and the gel film 
was produced. After repeating actuation of spreading-heat treatment of a spreading solution, baking 
for 1 minute (inside of atmospheric air) is performed at 830 degrees C, and it is Pb(Mgl/3Nb 2/3) 03. 
The thin film was obtained. 

[0058] The resist was applied on the obtained above-mentioned dielectric thin film, and negatives were 

exposed and developed according to the photolithography process, and by the wet etching which 

makes this a mask, patterning of a dielectric film was carried out to the same pattern configuration as 

an example 1, and the same thin layer capacitor as an example 1 was produced. 

[0059] The 1.8GHz impedance characteristic was measured using the impedance analyzer 

(HP4291made from Hewlett Packard A) from 1MHz of the produced laminating mold thin film 

capacitor. Consequently, the capacity component acquired the value of 50.2nF(s) and inductance 

component 160pH. Moreover, after the above-mentioned measurement, when the laminating thin film 

capacitor carried out cross-section SEM observation, each dielectric layer thickness was 0.5 

micrometers. 

[0060] 

[Effect of the Invention] Like, with the thin film capacitor of this invention, since [ which was 
explained in full detail above ] the 1st electrode layer (positive electrode layer) and the 2nd electrode 
layer (negative electrode layer) are formed in the same flat surface, spacing of these positive electrode 
layers and negative electrode layers can be made to be able to approach, it can form, a current path 
becomes short, and an inductance can be made small. Moreover, since each electrode layer is 
connectable in a connection terminal electrode, lamination becomes easy. Furthermore, since the 
external terminal electrode used for a contact with the exterior can be formed on the electrode layer of 
the maximum upper layer, it becomes easy to mount it. Therefore, according to this invention, 
lamination and mounting can offer the easy thin film capacitor of a low inductance. 



[Translation done.] 



